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Introduction 
1.1 INTRODUCTION 
Analytical chemistry is concerned with the theory and practice of 
method used to determine the composition of matter. It belongs to 
various branches of chemistry. It is used for detection and 
determination of traces of pollutants in air, water and soil 
environments. 
ANALYTICAL CHEMISTRY 
Qualitative analysis 
It deals with the identification of 
substances. It is concerned with 
what elements or compounds are 
present in a sample. 
Quantitative analysis 
It is concerned with the 
determination of how much of a 
particular substance (on macro to 
micro level) is present in a 
sample. 
Chemical analysis is an important part of most exciting scientific 
projects being carried out throughout the world. 
Methods used for chemical analysis can be categorized as in Fig.l. 
Chemical Analysis 
"Wet" Method (classical) Instrumental Methods 
Gravimetry Volumetry Optical Separation Electroana ytical 
Methods Methods Methoc 
Fig. 1.1 The major categories of Analytical (Methods 
(1.2) Separation techniques 
The identification and separation of various species can be 
achieved by an array of systematic procedures. Among the most 
versatile analytical separation techniques, chromatography has wider 
applicability Chromatography 
Chromatography is an analytical (or separation) procedure based 
upon the adsorption experiments described by Tswett (1). Chromatography 
has been employed on (a) very small or micro scale, (b) medium-sized 
scale, and (c) large industrial scale ( 2,3). It has been utilized in various 
geometrical modifications such as with one-way (or linear) flow of solvent 
in columns, strips, sheets or thin layers of the sorbent (4-6), with two-way 
(or transverse) flow with two different solvents in succession in sheets or 
thin layers of the sorbent and with radial flow, from a central zone or point 
in a sheet or layer of the sorbent (7,8). It has been utilized with all kind of 
liquids as the wash medium [solution chromatography (9-17)]. 
Chromatography has been modified through the use of several materials 
such as surface active liquids (13) and porous solids (1-3, 10-17). 
Chromatography may be divided and subdivided as shown in Fig. 1.2 
Whereas the realization of a chromatographic experiment is simple, the 
mechanism of the chromatographic process is complex because a number 
of chromatographic processes proceed simultaneously. 
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Since the work presented in this thesis is mainly based on the 
use of thin layer chromatography as an analytical tool. The following 
paragraphs are devoted to cover all important aspects of the 
development and current state-of-the-art procedure of thin layer 
chromatography as used for the analysis of substances. 
(1.3) Thin-layer chromatography 
It is a subdivision of liquid planar chromatography in which the 
mobile phase (a liquid) migrates through the stationary phase (thin 
layer of porous sorbent on a flat inert surface) by capillary action.Thin 
layer chromatography (TLC) was first discovered by Izmailov and 
Shraiber (1938). This technique was further developed by Meinhard 
and Hall (1949), Kirchner, Miller and Keller (1951), Moltier (1952) 
and Reitsema (1954).The technique received due attention only 
inl958,as a result of very precise and serious type of work carried out 
by E.stahl(1958),He not only perfected the method but also developed 
equipment and standardised adsorbents for the preparation of uniform 
layers on glass plates.He also succeeded in demonstrating the potential 
usefulness of TLC for fractionation of wide variety of substances. All 
chromatographic principles functioning in solid-liquid and 
liquid-liquid systems are also applicable to TLC. Adsorption 
chromatography has widely been used but ion exchange partition and 
reverse phase partition can also be applied in thin-layer technique. The 
choice of the chromatographic principle is determined by chemical 
nature of the compounds which is resolved by the desired pattern of 
fractionation. 
(1.4) Advantages of TLC 
> TLC is an elegantly simple procedure of chromatography 
> It can be performed on analytical and preparative scales. 
> It may be applied almost for entire spectrum of chemical 
compounds. 
> It can be used for uncovering adulterations of food, 
decomposition of food and drugs caused by improper storage or 
incorrect use, because of it's great resolving power. 
> It is rapid because pre-coated layers are available for use as 
received,without preparation.lt has highest sample throughout, 
because up to 30 individual samples and standards can be 
applied to single plate and separated at the same time. 
(1.5) Basic operations involved in TLC 
(a) Method for the production of thin layers on plates 
(b) Application of the sample on the TLC plates. 
(c) Choice of adsorbent 
(d) Choice of solvent 
(e) Detecting reagent 
(a) Method for the production of thin layers on plates. 
Coating of glass plates with adsorbent layer can be achieved 
by spreading, pouring, spraying or dipping. Most uniform layers are 
obtained by the spreading technique. Various methods without 
special equipment are briefly given below. 
1. Spraying a slurry of adsorbent onto plates 
2. Dipping plates in slurry of adsorbent 
3. Fitting raised edges along the plates themselves using 
adhesive plaster of metal strips, and then drawing a glass rod 
across an adsorbent slurry which has been poured into the 
plate. 
4. Raising the glass rod above plate level by fitting rubber, 
plastic or adhesive type sleeves at each end of the rod. 
5. Using ridged glass plates and pouring on a slurry which is 
then scraped off, both before and after drying, to leave layers 
between the ridges. 
(b) Application of the sample on the TLC plates. 
About lOul of 0.1% solution of the sample is applied on to a 
glass plates with the help of capillary, micropipette or microsyringe. 
The solvent in which the substances are dissolved is allowed to 
evaporate.Sample solutions are applied as in a row along one side of 
the plate, about 2cm, from the edge. 
(c) Choice of adsorbent (Stationary Phase) 
The common adsorbents used in TLC are silica gel, alumina, 
kieselguhr and cellulose in powdered form. 
Silica gel is most frequently used layer material. It is acidic and 
plaster of paris (calcium sulphate) is often incorporated into it to hold 
the adsorbent firmly on the plate.At the surface of silica gel G (gypsum 
binder), the free valencies of the oxygen are connected either with 
hydrogen (Si-O-H, Silanol groups) or with another silicon atom 
(Si-0-Si,siloxane groups).The silanol groups are capable to interact 
with solute molecules. On the other hand, alumina (aluminium oxide) 
is basic and more reactive than silica gel. Cellulose, an organic 
material is used as a sorbent to perform separations with increased 
sensitivity of detection and decreased development time compared to 
paper chromatography. 
(d) Choice of solvents (Mobile Phase) 
It depends on two factors 
1. Nature of the substances to be separated. 
2. Material on which the separation is to be carried out. 
Separation possibility of complex mixture is greatly improved by 
the proper selection of mobile phase. Mixture of organic solvents 
containing some aqueous acid, base or a buffer are, in general, well 
suited for the separation of ionic species whereas anhydrous organic 
solvents and water containing mobile phases are more useful for 
separating nonionic species. 
(i) Inorganic solvents: Solutions of mineral acids, bases salts and 
mixtures of acids, bases and/or their salts. 
(ii) Organic solvents: Acids, bases, hydrocarbons, alcohols amines, 
ketones, sugars, aldehydes, esters, phosphates and their mixtures in 
different proportions. 
(Hi) Mixed aqueous-organic solvents: Above mentioned organic 
solvents mixed with water, mineral acids inorganic bases or dimethyl 
sulphoxide and buffered salt solutions. 
(iv) Surfactant- mediated system: Solutions of surfactants. Sodium 
dodecylsulphate, (SDS), Cetyltriammoniumbromide, (CTAB), Triton 
X-100) in various concentrations are used: 
(e) Detecting Reagents 
Many compounds separated by TLC are colourless their 
positions are thus located or detected with the help of some reagents 
known as locating or detecting reagents. The process of detecting the 
spots on the plates aft ter completion of the development is called 
visualization. Visualization of separated zones on TLC plate is 
performed by physical, chemical and biological methods. Physical 
detection methods are based on substance specific properties and most 
commonly employed methods of this group include the absorption or 
emission of electromagnetic radiation, autoradiography and X-ray 
fluorescence microanalyses etc. Chemical detection involves the 
spraying of detection reagents capable of forming coloured compounds 
with the separated species on the TLCpIate. . Bioautographic analysis, 
reprint methods and enzymatic tests can also be applied for detection 
purposes. Immunostaining and flame ionization detection methods have 
been reported in recent past. 
(1.6) Qualitative analysis 
(i) Identification 
In TLC the identification of separated compounds is primarily 
based on their mobility in a suitable solvent which is described by the 
RF value of each compound 
Dis tan ce of spot migration from the origin 
Rp = 
Distance of solvent front from origin 
The factors which influence the magnitude of Rp are: nature of 
sorbent, layer thickness, room temperature, sample volume, relative 
humidity and mode of development technique. Another term, RM, 
which is the logarithmic function of the Rp i.e.R^^ =log 
f 1 
-1 
V^F J 
value is more useful as it bears a linear relationship to some TLC 
parameters or structural element of the analyte. However, in case of 
continuous and multiple development, where the solvent front is not 
measured, the term Rx is used. 
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Rx = 
distance travelled by solute 
distance travelled by standard 
If the retention data (Rp, RM or Rx values) of the compound to be 
identified are identical with those of the reference substances in three 
different solvent systems but on the some stationary phase or with the 
some solvent but on three different types of stationary phases, the two 
compounds can be regarded as identical with a good probability. 
However, for correct identification the chromatographic retention data 
are not enough and at least one spectroscopic method is necessary to 
make a valid statement. 
(ii) Separation 
When two or, more analytes have differential migration with the 
same chromatographic system, they are mixed thoroughly, the mixture 
is spotted on the TLC plate and chromatographed. The separated 
components of mixture are detected and their Rp values are recorded. 
Some of the basic requirements for a good separation are (a) each spot 
should be compact ( R L - R T < 0.3), (b) the difference in Rp values of 
two adjacent spots should be at least 0.1, (c) no complexation should 
accured between/among separable species, (d) chromatography of 
individuals and the mixture should be performed under identical 
experimental conditions. 
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(1.7) Quantitative Analysis 
The two main approaches for quantitative evaluation of analyte 
in TLC include (i) quantitation after elution from the layer (ii) in-situ 
quantitation on the layer. In the first case, quantitation is performed 
after scraping off the separated analyte zone, collection of the sorbent 
and recovery of the substance by elution from the sorbent. Thereafter, 
the eluates are analyzed by applying any current method of 
microanalysis, such as electroanalytical. Gas Chromatography (GC), 
spectrophotometry, titrimetry etc. In the second, solutes are assayed 
directly on the layer with the help of visual, manual or instrumental 
measurement methods. In-situ densitometry, a preferred technique for 
quantitative. TLC involve the measurement of visible or ultraviolet 
absorbance, fluorescence or fluorescence quenching directly on the 
layer. The measurements are made either by transmission through the 
plates by reflection from the plate, or by reflection and transmission 
simultaneously using either single beam, double-beam or single beam 
dual wavelength operation of scanning instruments. Modern optical 
densitometric scanners are liked to computer and are capable for 
automated peak location, multiple wavelength scanning and spectral 
comparision of fractions in several operating modes (reflectance, 
absorption, transmission, fluorescence etc.). 
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The careful coupling of TLC with other analytical techniques has 
proved more useful for the analysis of complex samples. 
Spectrophotometry, High Performance Liquid Chromatography and 
Gas Chromatography (HPLC), in conjunction with TLC are the three 
most widely used techniques. However, infrared and thermal analytical 
techniques in combination with TLC have also been used. 
For semiquantitative analysis, visual comparison and spot size 
measurement methods are used. A definite volume of sample is 
chromatographed along side standards containing of analyte. After 
detection, the amount of analyte in the sample is estimated by visual 
comparision of the size and intensity of the sample zone with the 
standards. This method works well if the applied amount of sample are 
kept close to the detection limit and the sample is accurately bracketed 
with standards. The shape and size of the spot produced on 
chromatograms are significantly influenced by the amount of analyte. 
The TLC process is an off-line process in which all the 
procedural steps depicted in Figure 1.3. 
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Preparation of sample 
>' 
Applied on Chromatoplate 
By spotting or streaking 
" 
Development 
^ '
Drying of Chromatogram 
> '
Detection Visual, UV-Scanning, 
Reagent Spray 
' 
Component Removal (optional) 
^' 
Documentation and Reporting of 
Results 
Fig. 1.3 The process of Thin-layer chromatography 
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(1.8) Pollutant 
Pollution is usually brought about by the addition of waste 
products of human activity to the environment. It is removed by 
natural, biological and physical processes of the biosphere. "Pollutant 
is a harmful solid, liquid or gaseous substance present in such 
concentration in the environment which tends to be injurious for the 
whole living biota". 
Classification of pollutants on the basis of environment 
1 
Primary 
Those substances emitted directly 
from an identifiable source. These 
pollutants exist as such after being 
added or released into the 
environment e.g. sulphur dioxide, 
nitrogen oxide 
Secondary 
These are substances derived from 
primary pollutants by chemical 
reactions for e.g. hydrocarbons 
and nitrogen oxide. In 
environment, react in presence of 
sunlight to form a group of nitrous 
compounds like peroxyacetyl 
nitrate (PAN) 
On the basis of ecosystem: 
Biodegradable 
Include domestic heat sewage. 
Domestic sewage can be 
decomposed by natural processes or 
by engineered systems which 
enhance capacity of the nature of to 
Non-Biodegradable: 
Many pollutants such as aluminium, 
iron, mercury salt, phenolic 
compounds and Dichloro diphenyl 
dichloroethane (D.D.T.), do not 
degrade. Such pollutants are harmful 
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decompose and recycle, if these 
pollutants enter the environment, in 
large quantity than these become 
biodegradable pollutants 
Classification of water 
pollutants 
1. Oxygen demanding wastes 
2. Infectious agents 
3. Organic molecules 
4. Plant nutrients 
5. Inorganic chemicals 
6. Heat 
7. Suspended materials 
8. Radioactive substance 
in low concentration, these pollutant 
not only accumulate but are often 
biologically magnified as they move 
in biochemical cycles and along food 
chains. They may react with other 
compounds present in environment 
to produce even more toxic 
additional products, they decrease 
the rate of photosynthesis by 
affecting planktons, thus disrupting 
the natural balance existing between 
oxygen and carbon dioxide. 
Example 
Human, animal waste, decaying 
vegetation 
Bacteria and viruses 
Detergents, oil, insecticides 
Nitrates, phosphate 
Hg, Cd2\ Pb^" etc. 
Water used for cooling in industry 
Silt from land corrosion 
Fall out products radioactive 
waste etc. 
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Inorganic pollutants consist of inorganic salts, metal compounds, 
mineral acids, finally divided metals, metallic complexes, trace 
elements, organometallic compounds and poly-phosphatic detergents. 
Some important inorganic pollutants in water and their significance. 
Pollutant 
Manganese 
Zinc 
Mercury 
Iron 
Source 
Mining, industrial waste, 
acid mine drainage, alloy 
industry, drycell battery 
factories and glass industry 
Galvanization industry, 
alloy industry, metal 
plating and plumbing 
Mining industrial waste 
pesticides and coal (chloral 
kali industry) 
Water flowing through 
Basallite rock region and 
industrial effluents 
Effect/Significance 
Relatively non-toxic to 
animals and irreversible 
damage to the central 
nervous system and brain 
(ataxia) 
Essential in many metallo 
enzymes toxic to plants at 
higher levels. Inhaled. Zn 
fumes causes metal 
fumes, fever, vomiting 
chills etc. 
Highly toxic as methyl 
mercury (HgCHs) toxic 
even at a concentration of 
0.03 ppm in drinking 
water, Hg activates 
sulphur containing 
enzymes with active SH 
group. Affects brain cells 
andCNS. 
Essential for many 
biological activities 
causes hemochromatosis 
tension in gastro intestinal 
17 
Lead 
Cadmium 
Copper 
Nickel 
Auto exhaust emission as 
ethyl lead and industries 
(glass, paint, mining, 
plumbing, coal gasoline 
etc) 
Industrial discharge, 
mining waste, metal 
plating and water pipes. 
Metal plating industry 
domestic waste, mining 
and mineral leaching 
Hydrogenation of oil 
industry and paint factories 
tract, shock and liver 
damage. 
Toxic, deactivates or 
destroy sulphur 
containing proteins and 
enzymes, damages 
(deoxyribo nuclei acid) 
DNA, (ribonucleic acid) 
RNA, brain and CNS 
function. Inhibits the 
formation of 
haemoglobin 
Replaces Zinc 
biochemcially, causes, 
high blood pressure, 
Kidney damage, 
destruction of testicular 
tissues and red blood 
cells. 
Essential tissue element 
but toxic to plants and 
algae at moderate levels. 
Excess intake is injurious 
to health. 
Ni is the most toxic 
causes lung cancer, 
gastrointestinal disorder 
and degeneration of 
heart and tissues 
giddness, headache 
nausea, vomiting 
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(1.9) Surfactant 
It is surface active agent which reduce the surface tension of 
water. It has two groups, (a) a polar hydrophilic or lipophobic (water 
loving) and (b) non-polar hydrobhobic or lipophilic (water hating). 
Surfactant are classified as: 
(i) Cationic [R-N''(CH3)3X~] (e.g. ammonium or pyridinum 
ion) 
(ii) Anionic [R-X'M"*^] (e.g. hydroxy-compounds) 
(iii) Non-ionic [R(OCH2CH2)]mOH (e.g. alkyl elhyene oxide). 
(iv) Zwitterionic [R-(CH3)2N''CH2X"] (amine oxide, 
carboxylate or sulphonate betain) 
R->long aliphatic hydrocarbon chain 
M^-> is a metal ion 
X"-> is a halogen or COO" or S04^~, m is an integer. 
A list of some common surfactants is provided in Table 1.1 
Surfactant mediated systems 
These systems contain surfactant as one of the components of the 
mobile phase. Surfactant in the aqueous mobile phase can be used in 
the following ways. 
(a) As monomer surfactants where the concentration of 
surfactant in aqueous mobile phase is restricted to well 
below the critical micelle concentration (CMC) of the 
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surfactant. These mobile phases are fine to separate 
ionic species by ion pair chromatography (IPC). 
(b) As surfactant micelles where the surfactant 
concentration is kept well above its CMC value in such 
cases, the mobile phase is composed of surfactant 
molecules in the form of monomers and aggregates (or 
micelles). These mobile phases are very useful for 
simultaneous separation of ionic and non-ionic 
compounds by micellar liquid chromatography (MLC). 
(c) As microemulsion where surfactant in the presence of 
water, an oil (hydrocarbon) and cosurfactant (i.e. 
medium chain length amine or alcohol) is used as 
transparent medium. 
Since work presented in this thesis is related to the use of 
surfactant- mediated mobile phases systems, it is worthwhile to give a 
brief idea about their behaviour in aqueous medium. 
Micelles 
Surfactant (or amphiphilic) molecules comprising of 
hydrophobic and hydrophilic moieties tend to exhibit a considerable 
degree of self-organization when dissolved in aqueous solutions. 
Above a certain concentration level, termed as critical micelle 
concentration (CMC), the surfactant molecules in solutions (water 
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or organic solvents) aggregate to form micelles. The process of 
micelle formation is called "micellization". Micelles do not exist at 
all concentrations and temperatures. There is a very small 
concentration range below which aggregation to micelles is absent 
and above which association leads to micelle formation. This narrow 
concentration range during which micelle formation occurs is 
called the CMC. At low concentration i.e. below CMC and at 
temperature above the critical micelle concentration (e.g. Kraft 
temperature), the surfactant is dispersed in the aqueous media at 
the molecular level as a monomer. 
There are mainly two types of micelles 
(i) Normal Micelles 
The molecular organization of surfactant molecules in aqueous 
solutions resulted in the formation of normal micelles. Above CMC, 
the surfactant molecules are self aggregated in such a manner that the 
hydrophobic moieties (i.e. hydrocarbon tails) are oriented inward 
forming a non-polar core and hydrophilic (polar) head groups are 
oriented outward keeping themselves in contact with the bulk aqueous 
phase. Normal aqueous micelles are generally formed from single 
chain surfactants and chain-branching inhibits micellization. 
Micelles are considered to be dynamic in nature, with continuous 
exchange of surfactant molecules in and out of the aggregates 
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occurring in the milliseconds to microseconds range. Thus individual 
surfactant molecules (called monomers) are thought to be distributed 
through out the aqueous phase surrounding the micelles or monomers 
and micelles are visualized as being uniformly distributed throughout 
the aqueous phase. When more than one surfactant are present in 
aqueous solution, mixed micellar system is produced. The surface 
activity of the mixed micelles system has been reported to be superior 
than the single surfactant micelle system (18). 
(ii) Reverse Micelles 
In contrast to the normal micelle which are formed in polar (i.e. 
aqueous media) solvent reverse micelles are formed in non-polar 
solvents like hexane or chloroform and trace of water where the polar 
head groups of the surfactant are directed towards the interior of the 
aggregate and hydrocarbon chain are in contact with the non-polar 
solvents compared to normal micelles, reverse micelles are more 
complex and less understood. Reverse micelles after the same potential 
advantages for analysis as do normal micelles i.e. ability to solubilize 
polar species that would be excluded from normal micelles. It has 
capability to solubilize water in the interior of micelle structure. In 
many instances water actually promotes the formation of larger and 
stable micelles. 
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Micellar solutions are homogeneous and cannot be filtered, the 
unique characteristics of micellar aggregates stem from their 
microscopically non homogeneous nature i.e. they provide a micro-
environment which is distinctly different from the bulk solvent. Most 
important property of micelles is their ability to solubilize substances 
that are otherwise insoluble in (sparingly soluble) water. A 
conventional model of micelles is that proposed by Hartly (Fig. 1.4), 
which is very useful for visualization of micelle. The various structures 
formed in aqueous solution on increasing the concentration of 
surfactant are illustrated in Fig. 1.5. 
(1.10) Literature 
The work performed on TLC analysis of inorganic substances. 
The work published on TLC of metal ions during the last 14 years has 
been presented briefly in Table 1,2. 
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Table 1.1: Some typical surfactants, formulae and their CMC values. 
Surfactants Formulae (CMC value) 
CH3(CH2)iiOS03-Na* 
C7F,5COO"K" 
CHJCCHZ), , (OCH2CH,2)i2 0S03'Na^ 
8.1x10'^ 
3.0x10'^ 
2.0x10"' 
Aqueous (normal) anionic 
Sodium dodecyl sulfate (SDS) 
Potassium perfluoroheptanoate 
Sodium polyoxyethylene (12) 
dodecyl ether 
Cationic 
Cetylpyridium chloride C,6H33N*(C5HjCr 1.2x10'^ 
Cetyltrimethyl ammonium bromide CH3(CH2)i5 N*(CH3)3Br" 9.0x10'" 
(CTAB) 
Non-ionic 
Polyoxyethylene (6) dodecanol CH3(CH2)ii (OCH2CH2)60H 9x10"' 
Polyoxyethylene (23)-dodecanol CH3(CH2)ii (OCH2CH2)230H 1.0x10"" 
(Brij-35) 
Zwitterionic 
N-Dodecyl-N, N-dimethyl CH3(CH2)ii N*(CH3)2 (CH2)3S03' 3.0x10"' 
ammonium-3-propane-l-sulfonic 
acid(SB-12) 
N,N-Dimethyl-N(carboxy methyl) CgHnN* (CH3)2 CH2COO" 2.5x10"^ 
octylammonium salts 
Non-aqueous (reversed) bis(2- NaOsSCH (CH2C00Cg H„) COOCgH,, 6.0x10 
ethyl hexyl) sodium sulfosuccinate 
(AOT) 
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2.1 Introduction 
Micellar solutions with appropriate additives have found 
numerous practical applications in many areas of separation science. 
Organic solvents, ionic salts, cyclodextrins, ion-pairing and 
complexing agents have been generally used as additives. Nishi et al. 
(1) have resolved nine closely related antibiotics by micellar 
electrokinetic capillary chromatography using micellar solution of 
anionic surfactant (sodium dodecyl sulphate) with added tetraalkyl 
ammonium salts as mobile phase. Organic additives such as alcohol, 
diol, dipolar aprotic solvents (DMSO, dioxane), and alkyl nitrile have 
been found to influence the retention sequence of solutes in micellar 
liquid chromatography (2,3). Organic modifiers increase the 
chromatographic efficiency by reducing the amount of adsorbed 
surfactant on the stationary phase by lowering the permittivity and 
increasing the hydrophilicity of mobile phase (4). In addition, the 
higher level of modifier may also lead to increased fluidity of the 
organic additive modified surfactant coated stationary phase. The 
simultaneous enhancement of separation selectivity and solvent 
strength in micellar chromatography using hybrid eluents of micelle-
water-organic solvents have been observed for different groups of ionic 
and non ionic compounds with a variety of functional groups and both 
for anionic and cationic micellar eluents (5). Publications on micellar 
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liquid chromatography revealed that electrolytes and short chain 
alcohols have been generally used as additives (6-8). These additives 
have been found to modify the micro-environment of micellar solutions 
causing salting-in or salting-out effects (9,10). As far as we are aware, 
no report is available on the use of micellar solutions with added 
carbohydrates as mobile phase in chromatography. The work reported 
from our laboratory (11) has demonstrated, the enhanced 
chromatographic performance of micellar solutions with added 
inorganic electrolytes, organic molecular compounds and alcohols in 
resolving closely related test substances. In continuation of previous 
studies, we have used anionic micellar solution with added 
carbohydrates as eluent in thin-layer chromatographic analysis of 
heavy metal cations. As a result, aqueous micellar solution of sodium 
dodecyl sulfphate (SDS) with added maltose has been found very 
useful for selective separation of Mn(II) from all metal ions studied. 
Amongst chromatographic techniques, thin-layer 
chromatography (TLC) is currently enjoying popularity because of 
certain distinct advantages, such as low cost, disposable nature of TLC 
plates, ease of implementation, capability of separation of multiple 
samples in parallel and wider choice of detection reagents, the reduced 
need for modern laboratory facilities and continuous observation of the 
separation process because of the open format of the layer. 
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TLC of metal cations on immobilized chondroitin sulphate plate 
prepared by plasma polymerization techniques (12), and stripping 
voltammetry for the quantitative analysis of heavy metals (Cd , Cu 
and Pb ) after separation by TLC (13), have generated renewed 
interest in TLC. The work performed on TLC of inorganic has been 
well documented in several reviews (14-18), book chapters (19,20) and 
research papers (21-23). Amongst publications on micellar thin layer 
chromatography (MLTC) of inorganics (24-26), eluents comprising of 
SDS plus NaCl or thiourea have been found most suitable for 
identification and separation of Ag^ from several metal cations (11). 
The present communication reports the use of a new micellar 
mobile phase with added organic molecular compounds (e.g. 
carbohydrates) in the analysis of heavy metal cations. The proposed 
TLC System is very reliable for rapid separation of coexisting Al (III), 
Mn (II) and Cr (VI) in addition to highly selective separation of Mn 
(II) from all metal cations studied. 
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2.2 EXPERIMENTAL 
All experiments were performed at 20±5°C 
Apparatus: 
A thin layer chromatographic apparatus (Toshniwal, India), 
20x3.5cm glass plates and 24x6cm glass jar, and pH meter (ELICO 
18IE, India) were used. 
Reagents 
Silica gel 'G' (E. Merck, India); glucose, fructose maltose, 
sucrose and lactose (CDH, India), cellulose, kieselguhr, alumina (CDH 
India); sodium dodecyl sulphate (SDS, Qualigens, India), sodium bis (2 
ethyl 1- hexyl), sulfosuccinate, (Aerosol OT, BDH, England) were 
used. All reagents were of analytical Reagent grade. 
Test Solutions 
Standard aqueous test solutions (1.0%) of nitrate, sulphate and 
chloride of Al^^ Pb^^ Hg^^ Ni^^ Co^^ Cu^^ Mn2^ Cr^^ Zn^^ Ag^ 
Tr , Bi^^ VO^^ and UOz^ ^ were used. For Fe^ ,^ 1% ferric chloride 
solution was prepared in 1% aqueous HCl. 
Detectors 
Fe^\ C\i^\ V0^^ U02^^ with 1% aqueous potassium 
ferrocyanide; Ni^ ^ and Co^ "" with 1% alcoholic dimethyl glyoxime in 
ammonia; Zn^^ Bi^ *, Ag*, i f , Hg^* and Pb^* with 0.5% dithizone in 
carbon tetra chloride; Al^ ^ with 0.1% aqueous aluminon solution; Mn^^  
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-6+ 
with 2M aqueous NaOH in 30% H2O2 in 1:1 (v/v) and Cr" with 
saturated solution of AgNOa in methanol were detected. 
Stationary Phase 
Code no. 
s, 
S2 
S3 
S4 
S5 
S6 
S7 
Sg 
S9 
Sio 
Composition 
Silica gel 'G' 
Si+kieselguhr (9:1) 
Si+kieselguhr (1:1) 
Si+kieselguhr (1:9) 
Si+cellulose(9:l) 
Si+cellulose(l:l) 
Si+cellulose(l:9) 
Si+alumina(9:l) 
Si+alumina (1:1) 
Si+alumina(l:9) 
* Stationary phase components were mixed by weight. 
Mobile Phase 
Code No. 
M, 
M2 
M3 
M4 
M5 
M6 
M7 
Mg 
Composition 
0.0005M SDS 
O.OOOIM SDS 
O.OOIMSDS 
0.005M SDS 
O.OIMSDS 
O.IMSDS 
0.5M Glucose+ M5 (9:1) 
0.5M Glucose + M5 (7:3) 
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M9 
M,o 
M„ 
M,2 
M,3 
M,4 
M,5 
M,6 
M,7 
Mi8 
Mi9 
M20 
M2, 
M22 
M23 
M24 
M25 
M26 
M27 
M2g 
M29 
M30 
0.5M Glucose + M5 (3:7) 
0.5M Glucose+ M5 (1:9) 
0.5M Fructose+ M5 (9:1) 
0.5M Fructose + M5 (7:3) 
0.5M Fructose + M5 (3:7) 
0.5M Fructose+ M5 (1:9) 
O.IM Lactose+ M3 (9:1) 
O.IM Lactose + Ms (7:3) 
O.IM Lactose + Ms (3:7) 
O.IM Lactose + Ms (1:9) 
0.5M Sucrose + Ms (9:1) 
0.5M Sucrose + M5 (7:3) 
0.5M Sucrose + M5 (3:7) 
0.5M Sucrose + Ms (1:9) 
0.5M Maltose + Ms (9:1) 
0.5M Maltose + Ms (7:3) 
0.5M Maltose + Ms (3:7) 
0.5M Maltose + Ms (1:9) 
O.OIM CTAB + 0.5M maltose (7:3) 
O.OIM AOT + 0.5M maltose (7:3) 
O.OIM Triton + 0.5M maltose (7:3) 
O.OIM Brij 35 + 0.5M maltose (7:3) 
* Solvent components were mixed by volume 
Preparation of TLC Plates 
Plain Silica Gel Plates 
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The plates were prepared by mixing silica gel with double 
distilled water in 1:3 ratio with constant shaking until a homogeneous 
slurry was obtained and the resultant slurry was applied to the glass 
plates with the help of an applicator to give a 0.25mm thick layer. The 
plates were dried at room temperature (20°C) and then activated at 
100±5°C by heating for 1 hr. The activated plates were stored in a 
closed chamber at room temperature until used. 
Procedure 
About 0.01ml of test solution (spiked or unspiked metal 
solutions) was spotted separately in activated TLC plates (Sj) using 
micropipette about 2.0cm above the lower edge of TLC. The spots 
were air dried and the plates were developed in glass jars with chosen 
mobile phase 
(M1-M30) by the ascending technique up to the ascent of 10cm from the 
point of application. After the development, the plates were withdrawn 
from glass jars, airdried and sprayed with suitable detectors to locate 
the positions of analyte as colourful spots. RL (RF of leading front) and 
Rj (RF of trailing front) values for detected spots were determined and 
R + /? 
the Rp values were calculated as Rp = — ^ . 
'^ 2 
For separation, equal volumes of metal cations were mixed and 
0.01 ml of the resultant mixture was loaded on the selected activated 
TLC plate (Si). The plate was developed with selected mobile phase 
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(M24), the spots were detected and Rp values of the separated metal 
cations were calculated. 
To study the effect of the presence of anions and amine species 
as impurities on the separation of metal cations, 0.01 ml each of Al , 
Mn^ "^  and Cr^ "^  metal cations standard test solutions was spotted on TLC 
plates (Si) followed by 0.01 ml spotting of anions and amine species 
(which were considered as impurities). The plates were developed with 
M24, detected and Rp values of the separated metal cations were 
calculated. 
The limit of detection of metal cations were determined by 
spotting 0.01 ml of metal salt solutions on the TLC plates (Sj) which 
were developed with M24 and the spots were visualized, using 
appropriate detector. This process was repeated with successive 
reduction of the concentration of metal salts by adding demineralized 
double distilled water. The amount of metal just detectable was taken 
as the detection limit. 
In order to achieve the separation and detection of metal cations 
at different pH values, the pH of the test samples were brought to the 
required values by adding borate-phosphate buffer solutions of 
different pH values. 
For microgram separation of Mn^ "^  from milligram quantities of 
Al^ ,^ TLC plate (Si) was spotted with 0.01ml of salt solution 
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containing lO^g Mn^ "^  followed by spotting of 0.01 ml of aluminium 
salt solution containing O.OSmg - 0.35mg Al^ "" at the same place. 
The spots were dried, the plates developed with M24 and the 
metal cations were visualized. The RL and Rj values were determined 
for both metal cations. The same procedure was followed for 
microgram separation of A P * from milligram quantities of Mn^* for 
which S| was spotted with 10|ig of Al '^^ and O.lmg - 0.35mg of Mn^^  
Chromatography of spiked waste water 
The industrial waste water sample (pH=2.98) collected from lock 
factories, Aligarh, India, containing Cr^ "^  was spiked with aqueous 
solution of Mn^^ (1%) and Al^ ^ (1%) in 1:1:1, v/v ratio. About 0.0ImL 
of the resultant spiked sample was chromatographed on silica layers 
using M24 as mobile phase and RF values of the resolved spots of Cr^ *, 
Mn^^ and Al^ "^  were determined. 
Preparation of Heavy Metal Hydroxide sludge 
Synthetic heavy metal sludge of Al^^, Mn^^ and Cr^ ^ was 
prepared by adding sufficient volume of 1% NaOH solution into a 
mixture containing 1% solution of these metal salts in equal volumes. 
The metal hydroxide precipitate so obtained was filtered, dried and 
dissolved in a minimum volume of concentrated hydrochloric acid. The 
acid was completely evaporated, the residue was dissolved in a 5 mL of 
distilled water and TLC was performed having 5^1 sample. 
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Table 1 Effect of surfactant concentration on the mobility* (or 
RF value) of metal cations chromatographed on Si layer 
Metal 
Cations 
Co^^ 
Hg^ ^ 
Cr*^ " 
Ag^ 
ir 
Mn^" 
M, 
0.82(T) 
0.8 (T) 
0.20 (T) 
0.72 (T) 
0.16 (T) 
0.16 (T) 
0.30 
M j 
0.87 
0.87 
0.15 
0.99 
0.2 (T) 
0.21 
0.5 (T) 
Mobile phases 
M3 
0.63 
0.54 
0.15 
(a) 0.9 Ds 
(b) 0.0 
0.22 
0.23 
0.5 
M4 
0.62 
0.54 
0.16 
(a) 0.91 Ds 
(b) 0.0 
0.23 
0.24 
0.52 
Ms 
0.85 
0.72 
0.1 
0.94 
0.26 
0.27 
0.8 
M6 
0.95 
0.89 
0.2(T) 
0.71(T) 
0.21(T) 
0.35 (T) 
0.85 
* Metal ions such as Fe^", Cu^ "", Bi^ "", Pb^ "", Zn^\ Vo^^, Uoj^^ and Al^" 
in all cases remain very close to the point of application (RF « 0.0-0. l) 
Ds = Double spot. 
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Table 2 Effect of carbohydrates on the mobility (or Rp value)* 
of metal cations chromatographed on Sj with different 
mobile phase systems 
Mobile 
phases 
M7 
Mg 
M9 
M,o 
Mn 
M,2 
M,3 
M,4 
M,5 
M,6 
M,7 
M,8 
M,9 
M20 
M2, 
M22 
M23 
M24 
M25 
M26 
* Metal io 
Co'' 
0.75 (T) 
0.49 (T) 
0.56 (T) 
0.75 (T) 
0.70 (T) 
0.72 (T) 
0.71 (T) 
0.75 (T) 
0.75 
0.67 (T) 
0.63 (T) 
0.39 (T) 
0.79 (T) 
0.64 (T) 
0.7 
0.77 
0.64 
0.62 
0.61 
0.6 
ns such as 
Metal cations 
Ag^ 
0.2 (T) 
0.26 (T) 
0.24 (T) 
0.22 (T) 
0.15 (T) 
0.2 (T) 
0.23 (T) 
0.16 (T) 
0.17 (T) 
0.16 (T) 
0.15 (T) 
0.22 (T) 
0.16 (T) 
0.17 (T) 
0.15 
0.11 
0.15 (T) 
0.16 (T) 
0.17 
0.18 (T) 
Fe-, Cu-, 1 
Tr 
0.23 (T) 
0.15 (T) 
0.25 (T) 
0.23 (T) 
0.15 
0.15 
0.19 (T) 
0.15 
0.20 (T) 
0.2 
0.31 (T) 
0.22 (T) 
0.18 (T) 
0.21 (T) 
00.15 (T) 
0.12 (T) 
0.2 (T) 
0.31 (T) 
0.32 (T) 
0.33 (T) 
^b'\ Zn^^ I 
Cr^" 
0.84 (T) 
0.92 
0.97 
0.95 
(a) 0.91 
(b) 0.00 
0.95 
0.9 
0.9 
(a) 0.87 
(b) 0.0 
(a) 0.95 
(b) 0.0 
0.95 
(a) 0.95 
(b) 0.00 
0.97 
(a) 0.95 
(b) 0.00 
(a) 0.97 
(b) 0.0 
0.77 (T) 
0.73 (T) 
0.95 
0.78 (T) 
0.79 (T) 
ig'\ VO^^ 1 
Mn^" 
0.54 
0.24 
0.37 
0.44 
0.45 
0.83 
0.5 
0.3 
0.52 
0.48 (T) 
0.33 (T) 
0.59 (T) 
0.72 
0.55 
0.49 (T) 
0.41 
0.57 
0.31 
0.59 
0.47 
LJO2'", Bi'" 
and Al^^ remain very close to the 
values lie between 0.0-0.2). Ni^' 
regardless the concentration and 
mobile phase. 
point of application in all cases (Rp 
produces tailed spot ( R L - R T > 0 . 3 ) 
the type of carbohydrates in the 
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2.3 Results And Discussion 
(a) Optimization of mobile phase system 
To examine the effect of concentration level of surfactant on the 
mobility of metal cations, chromatography was performed on silica gel 
layer using different concentrations of SDS (0.0005M-0.1M) as mobile 
phase (M1-M6) systems. The surfactant concentration in mobile phases 
was kept (a) below the critical micelle concentration (CMC), (b) near 
CMC and (c) above CMC in order to examine the behaviour of 
surfactant as an electrolyte as well as in the form of micelles on the 
mobility of metal cations. 
SDS (CMC value=8xlO'-'M) behaves as an electrolyte at 
concentration levels below its CMC value whereas they form micelles, 
when their concentration in the mobile phase exceeded to CMC values. 
Thus, at O.OOOIM SDS behaves as electrolyte but at O.OIM it forms 
micellar solution. 
The Rp values of metal cations obtained in aqueous solutions of 
SDS at various concentration levels (MpMe) have been presented in 
Table 1. From the data of Table 1, following conclusions are drawn. 
(a) Metal cations such as Fe^^ Cu^ "", Zn^ "", Hg^ "" Bi^^ VO^^, V02^\ 
A\^* and Pb^ "" show little mobility (Rp values in the range of 
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0.0-0.1) and are strongly retained by the sorbent (Si), regardless 
the concentration level of SDS. 
(b) Ag*, Xr, Hg^* and Ni^ "" produce badly tailed (RL-RT value >0.3) 
spots in most of mobile phase systems. 
(c) Cr^ * shows peculiar behaviour, producing tailed spots in Mi and 
M6 and double spots in M3 and M4. In M2 and M5, Cr^ * goes 
along with the mobile front giving high RF values. 
(d) The mobility of Mn^ "^  was found to increase with the increase in 
SDS concentration. 
(e) Improved chromatographic performance i.e. better detection and 
more compactness of spots was noticed with M5 (0.0IM SDS). 
Hence it was selected for further studies. 
(b) Effect of carbohydrates on Mobility of metal cations 
The effect of added carbohydrates such as monosaccharides 
(glucose, fructose) and disaccharides (sucrose, lactose and maltose) in 
M5 was examined on the mobility of metal cations in order to obtain 
better mobile phase system for the separation of metal cations. The 
results obtained on Si with mobile phase systems comprising of 0.01 M 
SDS (M5) and 0.5M glucose, fructose, sucrose, maltose or 0.1 M lactose 
in different volume ratio (M7-M26) are summarized in Table (2). It is 
evident from Table 2 that Co^ ,^ Ag* and Tf produce tailed spots, in 
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most of cases whereas Cr^ ^ produces double spots in certain mobile 
phase systems (Mn, M15, M|6, Mig, M20 and M21). In the case of Mn^ ,^ 
it yields compact spots with most of mobile phase systems, but in 
certain cases, occasional tailed spots were also realized. Out of M7-M26 
mobile phase systems, M24 was found most favourable for mutual 
separation of Al^ "^ , Mn^* and Cr^ ^ on silica layer (S|) as evident from 
Fig. 1, Thus, the TLC system comprising of silica gel (Si) as stationary 
phase and 0.5M maltose plus 0.0IM SDS in 7:3 ratio (M5) as mobile 
phase was found most suitable for selective separation of Mn from 
other metal cations. Mn^"*^  with (Rp value of 0.31) can easily be 
separated from all metal cations having higher or lower mobility on 
silica layer. 
(c) Effect of mixed sorbent layers 
In order to establish effectiveness of silica gel 'G', the mutual 
separation of Al^ *, Mn^ "^  and Cr^ "^  was examined using different mixed 
sorbent layers prepared by blending silica gel with cellulose, alumina, 
or kieselguhr G in different ratio (9:1, 1:1, 1:9 w/w). The results listed 
in Table 3. Clearly indicate that the separation of Mn^^ from Al^ "^  and 
Cr^ ^ is hampered by the presence of added sorbents (cellulose, alumina 
or kieselguhr) in silica gel 'G'. 
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(d) Effect of impurities 
The effect of presence of foreign substances (iodide, bromide 
and aniline) in the sample was also examined to optimize the 
conditions for separation of coexisting Al^ ,^ Mn^* and Cr^ .^ The Rp 
value of Al^ "^  fluctuate between 0.01-0.03 in the presence of impurities 
showing little effect on it's standard value (RF=0.03) . In the presence 
of iodide, bromide and aniline the Rp values of Mn^^ (0.41, 0.36, 0.46) 
and Cr^ ^ (0.85, 0.98, 0.95) respectively were also found to deviate 
slightly from standard Rp value of Mn^ "" (Rp = 0.31) and Cr^ ^ 
(Rp=0.95). 
(e) Effect of pH of test sample 
It was found that Al^ "^ , Mn^ "^  and Cr^ ^ can be easily separated 
from each other up to pH 2.35. At higher pH, sample solution 
containing Al^ "^ , Mn^ "^  and Cr^ "^  gets precipitated. 
(f) Limit of Detection 
The lowest possible detectable microgram amounts (given in 
parenthesis) for Cr^ ^ (0.01), Mn^ "" (0.1) and Al^ ^ (0.2) are indicative of 
highly sensitive detection of these metal cations on silica gel layer 
from aqueous media. 
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(g) Effect of loading amount of analyte 
It is possible to separate lO i^g of Mn^^  from O.OSmg of Al^^. 
Similarly, lO i^g of Al^ "^  can be easily separated from 0.1 mg of Mn^ .^ 
Thus, milligram quantities of one metal cation can be successfully 
separated from microgram amounts of another cations using the 
proposed TLC system. 
(h) Effect of added surfactants in the mobile phase 
After examining the effect of substitution of silica gel (Si) by 
mixed sorbent layers (S2-S10) on the separation of coexisting Al^^, 
Mn^ "^  and Cr^ "^  as discussed above, here we have changed the nature of 
mobile phase by substituting SDS in M5 by CTAB (M27), AOT (Mjg), 
Triton(M29) and Brij 35 (M30) to investigate the effect of nature of 
surfactants on mutual separation of Al"''^  Mn^ "^  and Cr^ ^ on S]. The 
detection of Al^ ^ was difficult when TLC plates were developed with 
M27-M30. With these mobile phase systems, no change in Rp values for 
Mn^ "^  and Cr^ "" was observed and hence the separation of Mn^* from 
Cr "^  was always possible. 
(!) Semiquantitative determination 
To achieve semiquantitative determination of metal cations by 
measuring the spot area, a linear relationship was obtained when the 
amount of the sample spotted was plotted against the area of the spot 
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(Fig. 2). It follows the empirical equation ^ =km, here ^ is the area of 
the spot, m is the amount of the solute and k is constant. The linearity 
is maintained up to 0.2mg/spot of (Aluminium nitrate) Al^ * and 
(manganese acetate) Mn . At higher concentration, a negative 
deviation from linear law in both cases was observed. 
Application 
The proposed method was successfully applied for identification 
and separation of metal cations in spiked industrial waste water 
samples. The results shown in Fig. 3 demonstrate the applicability of 
the method for identification of Cr^ * and mutual separation of 
coexisting Cr^ "^ , Mn^"*^  and Al^ "^  from industrial waste water. 
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